Purpose: IL-7/IL-7R axis participates in the initiation and progression of lung cancer (LC). This study aimed to explore the potential influence of IL-7/IL-7R polymorphisms on LC risk. Patients and methods: In total, 1,010 participants (507 LC patients and 503 healthy controls) were enrolled. Five single-nucleotide polymorphisms (SNPs) in IL-7R and one SNP in IL-7 were genotyped in included samples with Agena MassARRAY system. OR and 95% CIs were computed by logistic regression analysis after adjusting for age and gender. Stratified analyses with demographic and clinical characteristics were also performed. Finally, linkage disequilibrium (LD) analysis was conducted with the PLINK version 1.07 software.
Introduction
Lung cancer (LC) has been regarded as one of the multifactorial disorders and remained a considerable public health challenge around the world. 1 It is estimated that approximately 2.09 million cases were diagnosed worldwide in 2018. 2 Moreover, the mortality rate is relatively higher in China than most other countries and predicted to continuously increase before 2030. 3 Currently, although numerous investigators have emphasized that genetic and environmental factors participate in the progression of LC, 4, 5 the detailed pathogenesis of LC has not been fully elaborated. Several research groups claimed that there were strong associations between genetic variations and the occurrence and development of LC in the past few years.
IL-7, a pleiotropic cytokine primarily secreted by stromal cells, is involved in the several cell biological processes such as lymphangiogenesis, cell proliferation and apoptosis through binding to its receptor (IL-7R). 8, 9 Increasing studies have found that IL-7 and IL-7R participate in the development of various cancers including LC by mediating multiple cell signaling pathways. 10 , 11 Andersson et al previously found that IL-7 could significantly diminish tumor burdens via enhancing the specific chemokine receptor-dependent T-cell antitumor activity in LC progression. 12 Jian et al pointed out that IL-7R interacted with some autophagyassociated molecules to activate the signaling pathways in cell apoptotic process of LC. 13 Liu et al also argued that IL-7/ IL-7R axis might be responsible for LC cell apoptosis regulation and survival outcomes. 14 Recently, overwhelming evidence has explored the relationships between SNPs (single-nucleotide polymorphisms) in many tumor-related genes and LC risk. 15, 16 Van Dyke et al suggested that IL7R
rs1494555 and rs7737000 variants were significantly linked to a higher risk of non-small LC among Caucasians. 17 However, the underlying impact of IL-7/IL-7R polymorphisms (rs10213865, rs969129, rs118137916, rs10053847 and rs6451231 in IL-7R and rs117173992 in IL-7) on the prevalence of LC has not been clarified. Therefore, we carried out an association analysis based on a Chinese Han population to evaluate the potential correlations between IL-7/IL-7R SNPs and the risk of LC.
Materials and methods

Study subjects
A total of 1,010 participants (507 patients suffering from LC and 503 cancer-free controls) were consecutively enrolled from Shaanxi Provincial Cancer Hospital. All cases were newly diagnosed and histologically confirmed lung carcinoma. Patients did not receive chemotherapy or radiotherapy before collecting samples. Patients with prior cancer history were excluded from this study. Meanwhile, all control subjects underwent medical examinations in the same hospital and did not have any family history of LC or other diseases. All eligible participants were all genetically unrelated to each other. The detailed demographic and the clinical data were subsequently obtained according to the pre-established standardized questionnaire, medical record and/or the face-to-face interviews, primarily including age, gender, body mass index (BMI), smoking and drinking status, pathological type, lymph nodes metastasis and TNM staging. This work was supported by Ethics Committee of Shaanxi Provincial Cancer Hospital and the written informed consent was acquired from each participant. All experiments were conducted in accordance with the World Medical Association Declaration of Helsinki.
SNP selection and genotyping
Two cancer-associated genes (IL-7R and IL-7) were selected to evaluate the correlation between their polymorphisms and the susceptibility to LC. Peripheral blood samples (5 mL) were collected from each subject, and genomic DNA was extracted using GoldMag whole-blood genomic DNA purifcation kit (GoldMag Co. Ltd., Xiʹan, China) according to the manufacturer′s recommendations. The candidate SNPs of IL-7R and IL-7 were selected based on the 1,000 Genomes Project database (https://www.ncbi.nlm.nih.gov/variation/ tools/1000genomes/) and dbSNP database (http://www. ncbi.nlm.nih.gov/projects/SNP/) according to thresholds of minor allele frequency (MAF) >0.05 in Chinese Han population. Ultimately, six SNPs (rs10213865, rs969129, rs118137916, rs10053847 and rs6451231 in IL-7R and rs117173992 in IL-7) were identified and genotyped using MassARRAY system (Agena, San Diego, CA, USA) as reported in previous publications by two independent researchers. 18, 19 The specific primers for each polymorphism are displayed in Table S1 . Meanwhile, nearly 10% of samples were randomly selected to repeat genotyping, and the reproducibility was 100%. Additionally, the functional prediction analyses of these SNPs were carried out using the web-based HaploReg v4.1 software (https://pubs.broadinsti tute.org/mammals/haploreg/haploreg.php) and SNPinfo Web Server (https://snpinfo.niehs.nih.gov/). 
Statistical analyses
Results
Participant characteristics and SNP identification
As exhibited in Table 1 Table 1 ). However, BMI and drinking status were dramatically different between the two groups (P<0.001). Five candidate SNPs in IL-7R (rs10213865, rs969129, rs118137916, rs10053847 and rs6451231) and one SNP in IL-7 (rs117173992) were successfully genotyped as displayed in Table 2 . The observed genotype frequency of all tested SNPs in control groups was strongly accorded with HWE (P>0.05). Notably, the frequency distribution of IL-7R rs10053847-A allele was remarkably lower in LC patients than health controls (OR =0.78, 95% CI: 0.62-0.99, P=0.043, power =52.50%), suggesting that this SNP served as a protective factor for the susceptibility to LC.
LC risk evaluation
To further evaluate the correlations of SNPs in IL-7R and IL-7 with LC risk, multiple inheritance models (genotype, dominant, recessive and additive models) were performed using logistic regression analyses with adjustment for age and gender (Table 3) . The results also showed that carriers of IL-7R rs10053847 mutant allele had a decreased LC risk under additive model (OR =0.77, 95% CI: 0.60-0.99, P=0.042). No significant associations were detected between other SNPs and the susceptibility to LC (P>0.05). Stratified analyses were carried out to estimate relationships between these polymorphisms and several demographic characteristics (Tables 4 and S2-S6 ). There were no significant associations between SNPs in IL-7R and IL-7 and three demographic variables (age, gender and BMI; P>0.05; Tables S2-S4) . Interestingly, for IL-7R rs10053847 A > G, AA genotype was predominantly related to a reduced risk of LC among non-smokers (AA/GG: OR =0.09, 95% CI: 0.01-0.83, P=0.033, power =97.13%; AA/AG+GG: OR =0.10, 95% CI: 0.01-0.87, P=0.037, power =96.70%; Table 4 ). Similarly, we also found that IL-7R rs10053847-A allele decreased the incidence of LC in nondrinkers under homozygote and recessive models (AA/GG: OR =0.17, 95% CI: 0.03-0.98, P=0.047, power =88.31%; AA/AG+GG: OR =0.18, 95% CI: 0.03-0.99, P=0.049, power =87.25%; Table 5 ). Conversely, IL-7R rs10213865 polymorphism was observed with a dramatically elevated the incidence of lung adenocarcinoma (CA/AA: OR =1.60, 95% CI: 1.11-2.29, P=0.011, power =93.15%; CC+CA/AA: OR =1.62, 95% CI: 1.14-2.29, P=0.007, power =95.33%; CC/CA/AA: OR =1.50, 95% CI: 1.11-2.01, P=0.007; Table 5 ) according to the stratification analysis with pathology type (Table 5 and  Table S7 ). However, no significant relationships between these two SNPs and other clinic-pathological features (lymph nodes metastasis and TNM stage) were found (P>0.05; Table S8 ). In addition, there was also no statistical difference between remaining SNPs (rs969129, rs118137916 and rs6451231 in IL-7R; rs117173992 in IL-7) and these clinical characteristics (pathology type, lymph node metastasis and TNM stage; P>0.05; Tables S7 and S8 ).
Haplotype analysis of IL-7R polymorphisms
Linkage disequilibrium (LD) and corresponding haplotypes of IL-7R SNPs were further analyzed to estimate the association between this gene and the prevalence of LC. The results suggested that the high LD block was composed of four IL-7R polymorphisms (rs10213865, rs969129, rs118137916 and rs10053847) which formed five haplotypes (AGAA, ATGG, CGAG, AGAG and ATAG; Figure 1 ). Furthermore, logistic regression analysis based on haplotype was performed to investigate the impact of these haplotypes on the incidence of LC. We noted that there was a significant correlation between AGAA haplotype and an increased LC risk (OR =1.30, 95% CI: 1.01-1.66, P=0.041; Table 6 ).
Discussion
In this present work, we first examined the relationships between IL-7/IL-7R polymorphisms and the risk of LC in a Chinese Han population. Our findings revealed that IL-7R rs10053847 and rs10213865 variants were predominately correlated with LC susceptibility, while no significant association of IL-7 polymorphism and LC risk was observed. To our best knowledge, this is the first study to provide evidence ofthe potential role of the IL-7R variants in LC risk. Combined with the previous studies, 21 this association may be a promising starting point on the association of IL-7R polymorphism with LC formation and progression and provide data for the construction of a genetic panel for the prediction of LC risk in China. IL-7R, located on chromosome 5p13, plays crucial roles in human diseases including malignancies. IL-7R has been demonstrated to be implicated with the molecular mechanisms of LC. 22, 23 Ming et al found that IL-7/IL-7R might promote lymphangiogenesis in LC by increasing the expression levels of specific vascular endothelial growth factor and stimulating the c-Fos/c-Jun pathway. 24 Another research suggested that IL-7/IL-7R could elevate cyclin D1 expression through activating the AP1 signaling pathway to accelerate LC cell proliferation. 25 More interestingly, numerous studies highlighted that IL-7R polymorphisms were involved in the initiation and development of several diseases in the recent years. [26] [27] [28] However, the potential influence of IL-7R variants on the prevalence of LC has not been uncovered.
Herein, we conducted an association analysis between IL-7/IL-7R polymorphisms and LC risk in a Chinese Han population and found that IL-7R rs10053847 dramatically decreased the risk of LC under the additive model. rs10053847-A allele was predominately correlated with a lower incidence of LC among nonsmokers or nondrinkers, which further provided evidence that there was correlative effect between IL-7R polymorphisms and tobacco smoke exposure on the risk of LC. 29 In addition, this SNP also significantly reduced the risk of lung adenocarcinoma in additive model. Therefore, we speculated that an allele of IL-7R rs10053847 acted as protective factors against LC occurrence. However, our stratified analysis revealed that another SNP in IL-7R (rs10213865) increased the susceptibility to lung adenocarcinoma under the heterozygous mutation, dominant and additive models. Moreover, there no significant difference was observed in other clinical features. Thus, it was inferred that IL-7R rs10213865 variant might only confer the risk for developing lung adenocarcinoma. More notably, the haplotype analysis implied that AGAA haplotype (rs10213865, rs969129, rs118137916 and rs10053847) was associated with a decreased LC risk, which further supported the conclusion that these two polymorphisms (rs10213865 and rs10053847) in IL-7R played vital roles in LC risk assessment. Although IL-7 was also found to participate in the pathogenesis of LC, [30] [31] [32] there was no correlation between IL-7 rs117173992 and the risk of LC. Additional analyses of the relationship between this SNP and the incidence of LC are still required to verify in the future. Certainly, there are still limitations in the current study. First, the study was performed using the hospitalbased samples; therefore, the sample bias might be confounding factors for our findings. Second, the exhaustive functional analysis of these SNPs should be investigated to explain our results. Finally, the prognostic analysis of selected IL-7/IL-7R polymorphisms is needed to carry out in order to evaluate the survival outcomes of LC patients with these SNPs.
Conclusion
In conclusion, our results implied that IL-7R rs10053847 polymorphism was closely related to a decreased risk of LC, whereas carriers of IL-7R rs10213865-C allele showed an elevated adenocarcinoma risk, which would provide new evidence for prevention and diagnosis of LC. However, relevant functional study still needs to be undertaken in future. 
